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(54) Switching power supply

(57) A switching power supply having two or more
DC outputs (OUT1, OUT2) comprising: a DC power sup-
ply (2), a transformer (T) having a primary winding (N1),
at least two secondary windings (N2), and a feedback
winding (NB), a main switching element (Q1) having an
off-state period and an on-state period, connected in se-
ries to the primary winding and to be turned on by a volt-
age generated in the feedback winding, the main switch-
ing element having a control terminal and a threshold
voltage to turn the main switching element on; and a rec-

tifying circuit (D1) connected to each secondary wind-
ing, a starting circuit (R1) which initially turns on the main
switching element at startup of the power supply and a
switching circuit (SW) provided between the two DC out-
puts, and wherein, when the switching circuit is turned
on, a voltage generated in the feedback winding is low-
ered during the off-state period of the main switching
element and a voltage to be applied to the control ter-
minal of the main switching element is controlled so as
to be less than the threshold voltage, and the main
switching element is turned on by the starting circuit.

FIG. 1
£, DB 2
AC% LF —@
- s
1
a L]
.
Cizaz
SR N1
b>—
01 I A‘A'A e
) Cg R9v ™ 0
4
R2Z oo
R8T iilqe PC
e - BT
r C2zx 2R3

D3 -
»t —o OUT2
st
4
B 7] I (— L...
» —00UT1
>
+ics SRS
o rC
<) =Re
N2 c:lz“ Y 3
v
1 S
H ' SR
. ; OGND
NB

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 120 893 A2 2

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates to a switching power
supply and more particularly to a switching power supply
of a self-excited ringing choke converter (hereinafter re-
ferred to as RCC) type.

2. Description of the Related Art

[0002] Generally, electronic equipment such as elec-
tronic computers and communication devices require
stable DC voltages. In order to supply stable DC voltag-
es for such electronic equipment using the commercially
available power source, switching power supplies of
RCC type which has a relatively simple construction and
shows high degrees of efficiency are widely used.
[0003] Fig. 7 is the circuit diagram of such a conven-
tional switching power supply of RCC type. In Fig. 7, a
switching power supply 1 is provided with an input circuit
2, a main operating circuit 3, a voltage detecting circuit
4, a voltage output terminal OUT, and a ground terminal
GND. The input circuit 2 comprises a diode bridge circuit
DB for rectification, and a fuse F and a filter circuit LF
both of which are provided between an AC power supply
and the input terminal of the diode bridge circuit DB.
[0004] Furthermore, the main operating circuit 3 com-
prises a capacitor C1 for smoothing provided between
the output terminals a and b of the diode bridge DB in
the input circuit 2; a transformer T containing a primary
winding N1, a secondary winding N2 having the oppo-
site polarity to that of the primary winding N1, and a feed-
back winding having the same polarity as the primary
windingN1; a FET Q1 as a switching element connected
in series to one end of the primary winding N1 of the
transformer T; a resistor R1 for starting connected be-
tween the other end of the primary winding N1 and the
gate as a control terminal of the FET Q1, a resistor R8
connected between the gate and source of the FET Qf1,
a diode D1 for rectification connected in series to one
end of the secondary winding N2 of the transformer T,
and a capacitor C4 for smoothing connected between
the other end of the secondary winding N2 and the volt-
age output terminal OUT.

[0005] Furthermore, the voltage detecting circuit 4 is
provided on the output side of the main operating circuit
3 and contains a resistor R5, a light-emitting diode PD
on the emission side of a photo coupler PC, a shuntreg-
ulator Sr, and resistors R6 and R7. The resistor R5, the
light-emitting diode PD, and the anode and cathode of
the shunt regulator are connected in series and are pro-
vided so as to be parallel to the capacitor C4 of the main
operating circuit 3. Furthermore, the resistors R6 and
R7 are connected in series and are also provided to be
parallel to the capacitor C4. The connection point of the
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resistors R6 and R7 is connected to the control terminal
of the shunt regulator Sr.

[0006] Furthermore, a control circuit 5 comprises are-
sistor R9 and a capacitor C3 connected between one
end of the feedback winding NB and the gate of the FET
Q1, a transistor Q2 connected between the gate and
source of the FET Q1, aresistor R2 connected between
one end of the feedback winding NB and the base of the
transistor Q2, a resistor R3 and a capacitor C2 connect-
ed in parallel between the base and emitter of the tran-
sistor Q2, and a resistor R4, a diode D2, and a pho-
totransistor PT on the light-receiving side of a photo cou-
pler PC connected in series between one end of the
feedback winding NB and the base of the transistor Q2.
[0007] Next, the operation of the switching power sup-
ply 1 thus constructed is described. First of all, at start,
a voltage is applied to the gate of the FET Q1 through
the resistor R1 and the FET Q1 is turned on. When the
FET Q1 is turned on, the voltage of the power supply is
applied to the primary winding N of the transformer T, a
voltage in the same direction as the voltage generated
in the primary winding N1 is generated in the feedback
winding NB, and then the FET Q1 is rapidly turned on
because of positive feedback. At this time, excitation en-
ergy is stored in the primary winding N1.

[0008] When the capacitor C2 is charged through the
resistor R2 and the potential of the base of the transistor
Q2 reaches the threshold, the transistor Q2 is turned on
and the FET Q1 is tuned off. Because of this, the exci-
tation energy stored in the primary winding N1 of the
transformer T, while the FET Q1 is turned on, is dis-
charged as electric energy through the secondary wind-
ing N2, and the electric energy is rectified by the diode
D1, smoothed by the capacitor C4, and supplied to a
load through the voltage output terminal OUT.

[0009] Furthermore, when the excitation energy
stored in the primary winding N1 of the transformer T is
discharged through the secondary winding N2, a flyback
voltage VNB is generated in the feedback winding NB.
The change of this flyback voltage VNB is described with
reference to Fig. 8. In Fig. 8, at the time t11, the FET Q1
is turned off and the flyback voltage VNB is kept at a
nearly constant value Vb, that is, it goes into a so-called
off-state period. Then, at the time t12, the voltage of the
diode D1 becomes zero and the flyback voltage starts
to oscillate, and when the flyback voltage VNB rises and
the gate voltage reaches the threshold Vth at t13, the
FET Q1 is turned on. Moreover, part of the flyback volt-
age VNB shown by the chain line shows the case where
the flyback voltage VNB is assumed to continue to os-
cillate. In this way, when the FET Q1 is turned off, a volt-
age is applied to the primary winding N1 again and the
excitation energy is stored.

[0010] In the switching power supply 1, such an oscil-
lation is repeated. In a steady state, the output voltage
on the load side is divided by the resistors R6 and R7,
and this divided detection voltage and the reference
voltage of the shunt regulator Sr are compared. Then,
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the change of the output voltage is amplified at the shunt
regulator Sr, the current flowing in the light-emitting di-
ode PD of the photo coupler PC is changed, and in ac-
cordance with the quantity of light emission of the light-
emitting diode PD, the impedance of the phototransistor
PT changes. Thus, the charge and discharge of the ca-
pacitor C2 can be changed and the output voltage can
be controlled so as to be constant.

[0011] In the conventional switching power supply 1
shown in Fig. 7, at light load the oscillation frequency
increases and the switching loss is large, which is a fac-
tor lowering the circuit efficiency. In order to solve this
problem, a method can be considered whereby on the
output side of the switching power supply a circuit low-
ering the output voltage can be provided so that by
changing the impedance on the output side the output
voltage Vo is lowered.

[0012] In this case, by making use of a fact that the
voltage VNB generated in the feedback winding NB of
the transformer T decreases in proportion to the output
voltage Vo, the degree of decrease in the output voltage
Vo is adjusted. By lowering the voltage VNB, the gate
voltage of the FET Q1 is made to oscillate in the range
where the gate voltage does not reach the threshold and
the turn-on of the FET Q1 is delayed, and by making the
off-state period of the FET Q1 extended the oscillation
frequency is lowered, and thus the switching loss is re-
duced.

[0013] However, such a switching power supply of
RCC type is characterized in that at light load, the fre-
quency increases because the output current is small,
and when a circuit lowering the output voltage is provid-
ed as described above, all the output voltages are de-
creased, and accordingly when a constant output volt-
age is required, there is a problem that a constant-volt-
age control circuit is required.

SUMMARY OF THE INVENTION

[0014] Therefore, it is an object of this invention to
provide a switching power supply where the increase of
switching loss is suppressed and a constant output volt-
age can be obtained.

[0015] According to the invention, a switching power
supply is provided having two or more DC outputs, the
power supply comprising a DC power supply; a trans-
former having a primary winding, at least two secondary
windings, and a feedback winding; a main switching el-
ement connected in series to the primary winding and
to be turned on by a voltage generated in the feedback
winding; and a rectifying circuit connected to the sec-
ondary winding, further comprising a starting circuit
which turns on the main switching element at start of the
power supply and a switching circuit provided between
two outputs on the secondary side, and wherein by turn-
ing on the switching means, the voltage generated in
the feedback winding is lowered during the off-state pe-
riod of the main switching element, a voltage to be ap-
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plied to a control terminal of the main switching element
is controlled so as to be less than the threshold voltage,
and the main switching element is turned on by the start-
ing circuit.

[0016] According to the structure described above,
the switching frequency can be lowered during standby
and the loss can be reduced so that the switching circuit
is provided between two outputs of secondary windings
of a transformer, and whereby, by turning on the switch-
ing circuit, a voltage generated in a feedback winding
during the off-state period of a main switching element
is lowered, and a voltage to be applied to the control
terminal of the main switching element is controlled so
as to be less than the threshold level.

[0017] The at least two outputs on the secondary side
contain a low voltage output as a controlled output and
a high voltage output as an uncontrolled output, and the
switching circuit may be connected between the low
voltage output and the high voltage output. In this case,
the accuracy of the voltage of the low output voltage can
be improved (increased).

[0018] Alternatively, the switching circuit may be con-
nected between the high voltage output and the low volt-
age output. In this case, the accuracy of the voltage of
the high output voltage can be improved.

[0019] In addition to the aforementioned structure,
one output may be contained as an output on the sec-
ondary side and another output may be connected to
the DC output through a rectifying element and the
switching circuit connected to another secondary wind-
ing which is different from the output. In this way, a
switching power supply can be made having a single
output and the number of parts can be reduced.
[0020] The switching circuit may be turned on and off
by a signal from the outside.

[0021] Alternatively, the switching circuit may be
turned on by detection of lowered load power, so that
thus changing signals from the outside becomes unnec-
essary Further the switching element may have a volt-
age control terminal or a current control terminal. In the
case where the switching element contains a voltage
control terminal, when the gate of the switching element
is controlled so as to be less than the threshold level, a
complete off state of the switching element is main-
tained and accordingly very little the loss is generated
in the off state.

[0022] For the purpose of illustrating the invention,
there is shown in the drawings several forms which are
presently preferred, it being understood, however, that
the invention is not limited to the precise arrangements
and instrumentalities shown.

BRIEF DESCRIPTION OF THE DRAWING(S)

[0023] Fig. 1is the circuit diagram of a switching pow-
er supply of one embodiment of this invention.

[0024] Fig. 2is the circuit diagram of a switching pow-
er supply of another embodiment of this invention.
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[0025] Fig. 3 is a waveform showing the change of a
flyback voltage generated in a feedback winding.
[0026] Fig. 4 is the circuit diagram of a switching pow-
er supply of yet another embodiment of this invention.
[0027] Fig. 5is the circuit diagram of a switching pow-
er supply of still another embodiment of this invention.
[0028] Fig. 6 is the circuit diagram showing one ex-
ample of load power detecting circuits.

[0029] Fig. 7 is the circuit diagram of a conventional
switching power supply of RCC type.

[0030] Fig. 8 is a waveform showing the change of a
flyback voltage VNB for the circuit of Fig. 7.

DETAILED DESCRIPTION OF EMBODIMENTS OF
THE INVENTION

[0031] Hereinafter, the preferred embodiments of the
present invention are explained in detail with reference
to the drawings.

[0032] Fig. 1is the circuit diagram of a switching pow-
er supply of one embodiment of this invention. In Fig. 1,
two output terminals are provided for a secondary wind-
ing N2 of a transformer T. One output terminal outputs,
for example, a low voltage of 5 V for logical circuits con-
trolled by a voltage detecting circuit 4 and a control cir-
cuit 5, and a voltage in proportion to the turns ratio of
the transformer T is output from the other output terminal
and, for example, an uncontrolled high voltage of 24 V
is output for motor drive. Between these output termi-
nals a switch SW is connected.

[0033] To the low voltage output terminal of the sec-
ondary winding N2, the anode of a rectifying diode D1
is connected in the same way as in Fig. 7, and to the
high voltage output terminal, the anode of a rectifying
diode D3 is connected. The cathode of the rectifying di-
ode D1 is connected to the voltage output terminal
OUT1 through the detecting circuit 4 and also connected
to one terminal of the switch SW. The cathode of the
diode D3 is connected to one terminal of a capacitor C5
for smoothing and the voltage output terminal OUT2,
and also connected to the other terminal of the switch
SW. The other terminal of the capacitor C5 for smooth-
ing is grounded. The remaining structure is the same as
that in Fig. 7.

[0034] Next, the operation of the switching power sup-
ply shown in Fig. 1 is described. When the switch SW
is turned off, the same operation as in Fig. 7 is carried
out as described above. When the switch SW is turned
on, the high voltage output terminal and the low voltage
output terminal of the secondary winding T2 are short
circuited and at the same time 5V is output. In this case,
the high output voltage is reduced to 5/24 the former
high output voltage. Therefore, the voltage of the feed-
back winding NB is also reduced at the same ratio, and
the turn-on of an FET Q1 to be caused by the feedback
winding NB can be prevented.

[0035] Fig. 2 is the circuit diagram of a switching pow-
er supply of another embodiment of this invention. In the
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embodiment shown in Fig. 1, the low voltage output is
controlled by the voltage detecting circuit 4 and the con-
trol circuit 5 and the high output voltage is uncontrolled,
but in the embodiment shown in Fig. 2, the high output
voltage is controlled and the low output voltage is un-
controlled.

[0036] That is, one output terminal of the secondary
winding N2 is controlled by a voltage detecting circuit 4
and a control circuit 5 and, for example, a high voltage
of 24 V is output to a voltage output terminal OUT2.
From the other output terminal of the secondary winding
N2, for example, a low voltage of 5 V is output, rectified
through a diode D1, and output to a voltage output ter-
minal OUT1 after it has been smoothed through a ca-
pacitor C4.

[0037] Then, in the same way as in the embodiment
of Fig. 1, between the voltage output terminals OUT1
and OUT2 a switch SW1 is connected. Furthermore, be-
tween the voltage output terminal OUT2 and the con-
nection point of resistors R6 and R7 a series circuit of a
resistor R10 and a switch SW2 is connected.

[0038] The operation when the switches SW1 and
SW2 are turned off is nearly the same as in Fig. 7. For
example, a voltage of 24 V is output as a controlled out-
put from the voltage output terminal OUT2, and, for ex-
ample, a voltage of 5 V is output as an uncontrolled out-
put from the voltage output terminal OUT 1.

[0039] When the switch SW1 is closed and the switch
SW2 is closed at the same time, the voltage output ter-
minals OUT1 and OUT2 are short circuited and a low
voltage of 5 V divided by resistors R10 and R7 is pro-
vided to shunt regulator Sr, and accordingly voltages to
be output from the voltage output terminals OUT1 and
OUT2 are forced to the low voltage so as to output a
voltage of 5 V. In this case, the high output voltage is
reduced to 5/24 the former high output voltage. There-
fore, the voltage of the feedback winding is also reduced
at the same ratio, and the turn-on of an FET Q1 due to
the feedback winding can be prevented.

[0040] Fig. 3 is a waveform showing the change of a
flyback voltage VNB generated in the feedback winding.
In Fig. 3, at the time t1, the FET Q1 is turned off and the
flyback voltage VNB is maintained nearly constant after
the generation of surge voltage so as to enter the so-
called off-state period. Here, the absolute value of the
flyback voltage VNB in the off-state period is expressed
by the following formula (1) below. In the formula (1), NB
is the number of turns of the feedback winding NB of the
transformer T, N2 is the number of turns of the second-
ary winding, and VF is the forward voltage of the recti-
fying diode D1 in the main operating circuit 3.

[VNB| = (NB/N2)x (VO1 + VF) (1)

[0041] Furthermore, because the secondary outputs
are short circuited and the output voltage VO1 in the for-
mula (1) is lowered, the absolute value of the flyback
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voltage VNB decreases. That is, the absolute value of
the flyback voltage VNB of the switching power supply
shown by Va in Fig. 3 is smaller than the absolute value
of the flyback voltage VNB of the conventional switching
power supply shown by Vb in Fig. 8. Then, at the time
t2, the flyback voltage VNB starts to resonate. As the
voltage at this time is expressed by Vg = Va - e"At sin
(wt + B), because a relatively low value is maintained
up to time t2, the amplitude is small and even the max-
imum of Vgs is lower than the threshold Vth of the
FETQ1, and accordingly the FETQ1 is prevented from
turning on by the flyback voltage VNB.

[0042] After that, at the time t3, a voltage is applied to
the gate of the FET Q1 through a starting circuit (a start-
ing resistor R1 in this embodiment) of the FET Q1 con-
stituting the main operating circuit 3 and the FET Q1 is
again turned on.

[0043] In this way, because the turn-on of the FET Q1
is delayed and the off-state period of the FET Q1 is ex-
tended, the oscillation frequency is decreased. There-
fore, the increase of switching loss due to the increase
of the oscillation frequency is suppressed and the circuit
efficiency is improved.

[0044] Fig. 4 is the circuit diagram of a switching pow-
er supply showing another embodiment of this inven-
tion. In the embodiment, the voltage output terminal
OUT2 and the capacitor C5 of the embodiment shown
in Fig. 1 are omitted, a voltage is taken only from a volt-
age output terminal OUT1, and voltages to be output
are from a single output terminal. In this case, the turn-
on of the FET Q1 through the feedback winding is pre-
vented by turning on the switch SW.

[0045] Fig. 5is the circuit diagram of a switching pow-
er supply showing a further embodiment of this inven-
tion. Instead of the switch SW1 shown in Fig. 2, a tran-
sistor Q3 is connected, and instead of the switch SW2
a transistor Q4 is connected. That is, to voltage output
terminals OUT1 and OUT2 the collector and emitter of
the transistor Q3 are connected, and to the connection
point of resistors R6 and R7 and the voltage output ter-
minal OUT2 the collector and emitter of the transistor
Q4 are connected. The emitter may be connected
through resistor R12. A control signal is provided to a
remote terminal from the outside, and this control signal
is provided to the base of the transistor Q4 through a
resistor R10 and at the same time provided to the base
of the transistor Q3 through a resistor R11.

[0046] When a level signal "L" is given to the remote
terminal, the transistors Q3 and Q4 are made conduc-
tive, and then the voltage output terminals OUT1 and
OUT2 are short circuited and at the same time the volt-
age to be output from the voltage output terminal OUT2
is lowered. Because of this, the loss can be improved
by lowering the switching frequency.

[0047] Moreover, this embodiment can be also ap-
plied to the embodiments shown in Figs. 1, 2, and 3.
[0048] Fig. 6 is a circuit diagram showing one exam-
ple of a load power detecting circuit. In Fig. 6, the load
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power detecting circuit 6 functions in such a way that
when a current is supplied to a load from the voltage
output terminal OUT1, a control signal is provided to the
remote terminal shown in Fig. 5, depending on whether
the load is a light load or a heavy load.

[0049] The load current detecting circuit 6 contains an
operational amplifier 7, a voltage V+ (V plus), that is, a
voltage output from the voltage output terminal OUT1
and to be input to a resistor R12 which is divided by re-
sistors R13 and R14, is provided to the +(plus) input ter-
minal of the operational amplifier 7, and a voltage V-
(voltage V minus), that is, a voltage output from a resis-
tor R12 and divided by resistors R15 and R16 and pro-
vided to the -(minus) input terminal of the operational
amplifier 7. At a heavy load, V+ (V plus) becomes larger
than V- (V minus) and the operational amplifier 7 outputs
a level signal "H", and, at a light load, V- (V minus) be-
comes larger than V+ (V plus) and the operational am-
plifier 7 outputs a level signal "L" to turn on the transis-
tors Q3 and Q4.

[0050] It should be considered that all of the embodi-
ments disclosed are illustrative in every respect and not
restrictive. The scope of the present invention is not giv-
en by the above description, but given by the scope of
the claims, and it is intended that all modifications in the
meaning and scope equivalent to the scope of the
claims should be included.

[0051] While preferred embodiments of the invention
have been disclosed, various modes of carrying out the
principles disclosed herein are contemplated as being
within the scope of the following claims. Therefore, it is
understood that the scope of the invention is not to be
limited except as otherwise set forth in the claims.

Claims

1. A switching power supply having two or more DC
outputs (OUT 1, OUT2) comprising:

a DC power supply (2);

a transformer (T) having a primary winding
(N1), at least two secondary windings (N2), and
a feedback winding (NB);

a main switching element (Q1) having an off-
state period and an on-state period, connected
in series to the primary winding (N1) and to be
turned on by a voltage generated in the feed-
back winding, the main switching element (Q1)
having a control terminal and a threshold volt-
age to turn the main switching element on; and
a rectifying circuit (D1) connected to each sec-
ondary winding (N2), a starting circuit (R1)
which initially turns on the main switching ele-
ment at startup of the power supply and a
switching circuit (SW) provided between the
two DC outputs, and wherein, when the switch-
ing circuit is turned on, a voltage generated in
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the feedback winding is lowered during the off-
state period of the main switching element (Q1)
and a voltage to be applied to the control termi-
nal of the main switching element is controlled
so as to be less than the threshold voltage, and
the main switching element is turned on by the
starting circuit.

The switching power supply of claim 1, wherein the
at least two DC outputs (OUT1, OUT2) comprise
respectively, a low voltage output as a controlled
output and a high voltage output as an uncontrolled
output, and wherein the switching circuit (SW) is
connected between the low voltage output and the
high voltage output.

The switching power supply of claim 1, wherein the
at least two DC outputs (OUT1, OUT2) comprise,
respectively, a high voltage output as a controlled
output and a low voltage output as an uncontrolled
output, and wherein the switching circuit (SW) is
connected between the high voltage output and the
low voltage output.

The switching power supply of claim 1, wherein both
DC outputs (OUT1, OUT2) are connected to a sin-
gle voltage output terminal of the switching power

supply.

The switching power supply of one of the claims 1
to 4, wherein the switching circuit (SW) is turned on
and off by an external signal.

The switching power supply of one of the claims 1
to 4, wherein the switching circuit (SW) is turned on
by detection of lowered load power.

The switching power supply of claim 1, wherein the
main switching element (Q1) has a voltage control
terminal.

A switching power supply of claim 1, wherein the
main switching element (Q1) has a current control
terminal.

The switching power supply of claim 5, further com-
prising a load current detecting circuit (6) for detect-
ing reduced load current and for supplying the ex-
ternal signal to turn on the switching circuit (SW).

The switching power supply of claim 6, further com-
prising a load current detecting circuit (6) for detect-
ing reduced load current and for supplying a signal
to turn on the switching circuit (SW).

The switching power supply of claim 1, wherein the
switching circuit (SW) comprises two switches, one
connected between the DC outputs (OUT1, OUT2)
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12.

13.

14.

10

and the other connected between one of the DC
outputs and a control input of a control circuit (5) for
controlling turn-off of said main switching element
(Q1).

The switching power supply of claim 11, wherein the
control input of the control circuit (Q1) comprises a
voltage sense input of a voltage regulator circuit.

The switching power supply of claim 1, wherein the
switching circuit (SW) comprises a transistor
switch.

The switching power supply of claim 11, wherein the
two switches comprise transistor switches.
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FIG. 3
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